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Abstract 
 This thesis investigated action-specific effects and their relationship with 
interoception. The specific aims were to (1) determine whether action-specific perception 
effects would be observed in a novel task setting (tossing a bean-bag at a target), (2) 
determine whether the findings of Lee et al. (2012) and Jin and Lee (2013) regarding how 
size perception is affected by performance even when explicit visual feedback is 
unavailable would occur in this task setting, and (3) determine whether interoceptive 
sensitivity was related to size perception. The first aim was investigated by having 
participants perform a bean-bag toss at three targets, 13, 18 and 24 cm in diameter, in a 
1.2 m by 0.6 m board 5 m away. After each toss the participants reproduced the size of 
the target they had seen. The second aim was investigated by denying some of the 
participants feedback by occluding the target with a curtain mounted in a 2.2 m by 1.4 m 
frame. The third aim was investigated by asking participants to perform a heart rate 
accuracy task and complete the MAIA questionnaire after the bean-bag toss task. The 
results found action-specific effects for participants in the feedback condition only. 
Overall, increased interoceptive sensitivity decreased action-specific effects. 
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Figure 1. The three targets. The boards were the same size but the target hole sizes 
varied. 
 
Figure 2. The frame with the curtain rolled up and dropped, respectively. 
 
Figure 3. Participants stood looking away from the board (1). At a signal from the 
experimenter, the participant turned and threw the bean bag (2). The experimenter then 
used a switch to drop the curtain (3). Participants then gave their perceptual report (4) 
before returning to the initial position. 
 
Figure 4. The hole center was projected normal to the floor to determine distance when 
the bean bag was not on the board. 
 
Figure 5. Mean performance as measured by distance for each hole size. Error bars are 
one standard error of the mean.  
 
Figure 6. Mean performance as measured by distance for the different feedback 
conditions. 
 
Figure 7. Mean performance as measured by point scoring for each hole. 
 
Figure 8. Mean performance as measured by point scoring for each condition. 
 
Figure 9. Mean perceptual report of the hole size in pixels for each hole.  
 
Figure 10. Mean perceptual report of the hole size for each condition. 
 
Figure 11. Mean point performance and mean rescaled estimate plotted against each 
other; the positive correlation here indicates larger target size estimates were found when 
participants were performing better. 
 
Figure 12. Best linear fit line for the Noticing subscale and the new subscale. 
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Chapter 1: Introduction 
If the function of perception is to inform action rather than merely constructing a 
representation of the environment, then it may follow that perception depends not only on the 
features of the environment, but also on the current action capabilities of the perceiver. While 
many aspects of the environment remain relatively stable (hills do not usually suddenly change 
slant), the physiological state of an animal can change at a relatively fast rate such as when 
someone becomes fatigued after sprinting a short distance (Fajen, Riley, & Turvey, 2008). This 
relation between the animal and environment determines the possibilities for action (affordances; 
Gibson, 1979) that exist for a perceiver.  
Previous studies have shown that affordances can be perceived accurately (see review by 
Fajen et al., 2008, and by Zaal, Pepping, Barsingerhorn, & Smith 2012), and also that 
affordances influence perceptual judgments that seem to be action-neutral, such as the perception 
of hill slant. For example, having the participant wear a backpack or having the participant run a 
long distance both increased perceptual reports of the slant of a hill (Bhalla & Proffitt, 1999; see 
also review by Witt, 2011a). Another study has shown this type of effect by altering the 
capabilities of the agent on a much faster time scale, using a computer task of playing Pong 
while changing the size of the paddle between trials (Witt & Sugovic, 2010). Perceived speed of 
the ball depended on the size of the paddle—speeds were reported as higher with smaller paddles 
which made the ball harder to intercept. 
In addition to these studies that show an effect of a perceiver’s action capabilities on 
perception of environmental or object properties, a complementary line of research has 
demonstrated that perception is also affected by how well a person is performing at a given 
moment. For example, in one study (Witt & Dorsch, 2009) participants kicked American football 
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field goals and reported both the width and height of the uprights by manipulating those 
dimensions of a mock field goal. Participants who successfully kicked more field goals saw the 
uprights as shorter and wider apart—or easier to kick a football into—than those who did not. 
Because participants’ pre-kick upright estimates were not predictive of their performance, the 
kicks they performed during the experiment were presumably the influencing factor for their 
post-kick estimates.  
Another study had softball players report the perceived size of the softball just after 
completing a game (Witt & Proffitt, 2005). Whether the player’s team won or lost had no 
significant impact on participants’ perceived softball size, but their personal batting averages 
during the game did, with higher batting averages leading to perception of the softball’s size as 
larger. Similarly, golfers who had just played a round of golf perceived the size of the hole as 
larger or smaller based on their performance for that day, although perceived hole size was not 
significantly affected by their long-term performance as measured by handicap (Witt, 
Linkenauger, Bakdash, & Proffitt, 2008). In the same study, participants who putted on a putting 
mat from a position closer to the hole made more putts than those farther from the hole and 
consequently reported the golf hole as larger even though the report was made when the 
participants in the two conditions were the same distance from the hole.   
The kinds of changes in perception that were reported in those studies have been termed 
action-specific perception effects (Witt, 2011a). Witt, Linkenauger, and Wickens (in press) 
hypothesized that these effects aided decision-making in actors by making the ease of tasks more 
salient. Critics argue that these effects are primarily from demand bias—the participants report 
what they believe the experimenters want—because the studies necessarily measure perceptual 
reports rather than the perceptual experience itself. To counter this argument, studies were done 
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using clever manipulations to obfuscate the desired outcomes both through secondary 
measurements (the primary task was not the perceptual report, but something that a change in 
perception would also change; Witt, 2011b) and through condition changes the participants were 
not aware of (such as using fluids that were sweetened with sugar vs. a non-caloric sweetener; 
Schnall, Zadra, & Proffitt, 2010). 
Action-specific perception effects have been hypothesized to reflect perceptual 
attunement to information that relates the environment and perceiver through a combination of 
optical variables (which, in many of the situations above, were held constant) and proprioceptive 
and/or interoceptive variables that reflect bodily states that affect task performance, such as 
muscle fatigue or energy levels (Witt & Riley, 2014). Witt and Riley additionally hypothesized 
that people who are better attuned to those internal body states (i.e., who exhibit greater 
interoceptive sensitivity) may be more strongly affected by these action-specific effects.  
Interoception is generally defined as perception of bodily states or capacities. 
Interoception includes both proprioception and viceroception—perception of the position and 
movement of bodily segments and perception of internal organs, respectively—though the 
concept has also recently been broadened to include emotion, as recent research suggests that 
emotion is an integration of the physical state of the body (Herbert & Pollatos, 2012). 
Interoceptive sensitivity is usually measured using a heart rate task, which has been 
demonstrated to correspond somewhat with other forms of interoception (Herbert & Pollatos, 
2012; Mehling, Price, Daubenmeir, Acree, Bartmess, & Stewart , 2012). Accuracy on these tasks 
has been linked to cognitive abilities—especially decision making—that interoception is 
theorized to influence (Herbert & Pollatos, 2012).  Recently, a new questionnaire (the 
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Multidimensional Assesment of Interoceptive Awareness; MAIA) was created to provide a self-
report method of measuring interoception (Mehling et al., 2012). 
Alternatively, action-specific effects could reflect a cognitive influence stemming from 
knowledge of task performance rather than reflecting a change in perception, per se. This 
viewpoint may be supported by a study from Kirsch, Konigstein, and Kunde (2014). Participants 
were given explicit feedback on their success or failure inconsistent with their actual motor 
performance (which was masked) on an aiming task. In the study, the actual target relative to 
which their performance was judged differed from the apparent target size, so that on some trials 
where they should have succeeded based on apparent target size they failed, and vice versa. 
Participants in that condition gave perceptual reports of target size that were closer to the mean 
values for each size rather than scaling perceived size to their actual task performance. The 
authors noted, however, that given the limited ecological validity of potentially competing 
feedback (interoceptive and cognitive), this tendency towards the mean may reflect a fall-back 
strategy used when motor performance is no longer meaningfully predictive. 
This view on the role of cognitive influences on reports of perceived object size is not 
supported, however, by another study on action-specific perception. The study involved archers 
reporting the perceived size of the target bulls-eye (Lee, Lee, Carello, & Turvey, 2012). The 
archers shot at a target but had their view of the target (and therefore the outcome of their shot) 
blocked immediately after releasing the arrow. Their performance was still associated with their 
reports of perceived size of the target—people who performed better reported larger bulls-eye 
sizes even though they were unaware of the outcome of the shot. The researchers posited that the 
archers still had some degree of perceptual access to their abilities because they were potentially 
sensitive to their “goodness of form”—specifically, how steady their aim was—possibly through 
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proprioception or through optic flow resulting from postural sway. The researchers also had 
participants draw their bow and aim at the target without firing, with or without a stabilizer to 
support their arms. Perceived size of the target was larger when the stabilizer was employed than 
when it was not. 
In a follow up study, Jin and Lee (2013) demonstrated similar effects in untrained soccer 
players. Participants who were not competitive soccer players kicked soccer balls at goals but 
had their view of the goal blocked by turning off the stadium lights immediately after the kick. 
Their performance was also associated with their perceptual reports of goal size, to an even 
greater extent than the archers’ performance was associated with the perceived size of the bulls-
eye in Lee et al. (2012). The authors pointed to the possibility that this might be because the 
unskilled players were more affected by their bodily states—which they attempted to link to the 
Eastern philosophical idea of kih—and their momentary performance than skilled players. To 
demonstrate that the form of the action affected the perception of the goals they had additional 
unskilled players kick at the goals while either running a short distance before the kick or from a 
standing position. The reported size of the goals were larger for kicking after running than for 
standing.   
Another study (Chen & Wu, 2013) possibly supporting the goodness of form theory was 
conducted with children with developmental coordination disorder (DCD). Children with 
probable DCD and typically developing (TD) children performed a putting task—where a stable 
body posture is critical—while their overall postural movements were recorded using a force 
platform. The DCD children had higher postural variability and reported the golf hole as smaller 
than TD children. The results are consistent with those of the studies described above, suggesting 
again that what is typically considered visual perception of the environment may instead reflect 
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the relation between the perceiver and the environment and may be based on multi-modal 
information (Witt & Riley, 2014). 
The present experiment further investigated the effect of action capabilities on the 
(putatively) visual perception of object size. The specific aims were to (1) determine whether 
action-specific perception effects would be observed in a novel task setting (tossing a bean-bag 
at a target), (2) determine whether the findings of Lee et al. (2012) and Jin and Lee (2013) 
regarding how size perception is affected by performance even when explicit visual feedback is 
unavailable would occur in this task setting, and (3) determine whether interoceptive sensitivity 
was related to size perception. It was hypothesized that participants who threw the bean-bags 
more accurately would perceive the target size as larger (i.e., that performance accuracy would 
correlate positively with perceived size), consistent with the previous research on action-specific 
perception (Witt, 2011a), that this relation would still hold when the participants were denied 
feedback (consistent with the results of Lee et al. and Jin and Lee), and that participants who 
exhibited a greater degree of interoceptive sensitivity (operationalized in terms of accuracy of 
heartbeat detection and of scores on the MAIA) would exhibit a stronger relation between 
performance and perceived size of the target (based on the argument formulated by Witt and 
Riley, 2014). 
13	  	  
Chapter 2: Method 
Participants  
Forty participants (15 male, 15 female; average age 19.4 yrs) were recruited from the 
University of Cincinnati’s Psychology participant pool for this experiment. They participated in 
exchange for partial course credit. Participants must have had normal (or corrected-to-normal) 
vision, been right-hand dominant, been free of neurological and skeletomuscular disorders, and 
been able to stand and throw a lightweight bean-bag. 
Materials and Apparatus 
The target boards were made of wood and were 1.2 m long by 0.6 m wide (see Figure 1). 
The distal end of the target was approximately 30.7 cm high and the front edge was 
approximately 8.1 cm high, resulting in the target board’s surface resting at an angle of 9˚. The 
hole’s center was approximately 32.5 cm from either side and 22.5 cm from the distal end of the 
board. Three different target holes, with diameters of approximately 13.38 cm, 18.07 cm, and 
23.61 cm (the holes were not perfectly circular due to limitations in cutting them), were used (see 
Figure 1). This was accomplished by using three different boards mounted to a frame using 
Velcro so that the different targets could be switched between trials. The bean bags measured 
10.2 cm by 8.7 cm and had a mass of 210 g.  
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Figure 1. The three targets. The boards were the same size but the target hole sizes varied. 
 
 
 A 1.5 m by 1.3 m curtain was suspended by furniture tacks along the top of a frame 
measuring 2.2 m by 1.4 m. The bottom of the curtain was weighted by a wooden rod with a mass 
of 860 g (see Figure 2). The frame was located between the participant and the target board such 
that the beanbag travelled through the frame on each toss. At the beginning of a given trial the 
curtain was magnetically held in a raised position, during which time the target board was 
visible, using a washer secured to the curtain by masking tape and an electromagnet that was 
connected to a power supply. A sliding switch was used to make the circuit interruptible so that 
the curtain could be dropped to occlude view of the target board. The experimenter controlled the 
switch and timed the curtain drop as described below. 
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Figure 2. The frame with the curtain rolled up and dropped, respectively.  
 
 A LG Optimus Elite phone running Android version 2.3.7 with a white noise generator 
app (White Noise Generator by Hixpel) with a default setting of 8000 Hz and earbuds were used 
with muffling ear protectors to obscure auditory information.  
The MAIA was used to measure interoceptive sensitivity (Mehling et al., 2012). The brief 
survey consists of 32 questions focusing on five different dimensions of interoceptive awareness: 
Awareness of body sensations, emotional responses and reactions to physical stimuli, capacity to 
regulate attention, awareness of mind-body integration, and trusting body sensations. The 
dimension of interest in this study is the awareness of body sensations, which is characterized by 
the subscale called Noticing; that subscale only included awareness (both passive and active), not 
the affective states that might result. A finger pulse oximeter (accU-rate Finger Pulse Oximeter 
CMS50DL) was used to measure participants’ heart rates.  
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A Samsung NP 300 laptop PC with an Intel Core i5 2.3 gHz processor running Windows 
7 was used to run a Matlab script that participants used to provide perceptual reports. The 
computer was connected to a 50” Panasonic HD TV. A keyboard and three-button mouse (right, 
left, and a scroll wheel) was used to provide the reports of perceived target hole size. 
Procedure 
Participants provided informed consent and the researcher explained the bean bag task to 
them. Demographic information (age, gender, ethnicity) and information on their prior 
experience with the bean-bag game were collected.  
 Participants were then randomly assigned to the ‘feedback’ or ‘no-feedback’ condition. 
All participants tossed a bean-bag 18 times across two blocks of three trials in each of the three 
target size conditions. Blocks were presented in randomized order and the target board was 
changed accordingly after each block. Whether the bag entered the hole and how far from the 
hole was the bag was measured using a tape measure and a protractor and recorded for later 
analysis.  
Participants stood 5 m away from the proximal end of the target and faced the wall 
opposite the target. They held the phone in their left hand (see Figure 3). When participants were 
handed the bean bag, they turned to face the target. The experimenter gave participants a signal 
to begin the throw. Participants then pushed play on the white noise generator app which they 
had set to the maximum volume they could comfortably tolerate, turned and tossed the bean bag 
toward the target.  
In the feedback condition the participants could see where the bean bag landed before the 
curtain was dropped by the experimenter. At that point participants paused the white noise 
generator. In the no-feedback condition the participants’ view of the board and the outcome of 
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their toss was occluded by the experimenter triggering the curtain to drop after the bean bag 
passed through the frame but before it landed at the target board. If the bean bag and the curtain 
collided, the trial was redone. Participants were instructed to wait a few seconds before pausing 
the white noise generator. 
 
 
Figure 3. Participants stood looking away from the board (1). At a signal from the experimenter, 
the participant turned and threw the bean bag (2). The experimenter then used a switch to drop 
the curtain (3). Participants then gave their perceptual report (4) before returning to the initial 
position. 
 
After each toss, participants in both groups used the computer mouse and a laptop 
connected to a TV to provide perceptual reports that approximated the size of the target hole. A 
circle was displayed using Matlab with a randomized starting radius within a range of 10.5 to 26 
cm, and the participants were allowed to adjust the radius using the mouse wheel until they felt 
the circle portrayed on the screen matched the size of the target hole to which they had just 
tossed the bag on a given trial. While giving the perceptual report the target board was occluded 
by the curtain. 
18	  	  
A 60 s break was implemented after the last bean bag toss in which the participants sat in 
a relaxed position while the experimenter gave instructions for the heart beat task. Participants 
were asked to focus on their heart beat and report the number of beats for a set of non-
randomized 25, 35 and 45 s intervals with 30 s breaks between each report (Schandry, 1981). 
After another 30 s break their actual heart rate was measured using the finger pulse oximeter, 
which was placed on their right index finger for 30 s. 
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Chapter 3: Results 
Task Performance 
For the bean bag task, performance was measured in two ways. In the first, the distance 
from the target hole was measured with a measuring tape if the bean bag landed on the board. If 
the bean bag landed off the target board, the nearest corner was used as a reference and a 
protractor and measuring tape were used to measure the distance and direction to the corner. 
From this the distance to the center of the target hole projected onto the ground was calculated 
(see Figure 4). Successful throws were coded as 0 m from the target hole. Performance was also 
measured using a point coding scheme similar to that used by Jin and Lee (2013). If the bean bag 
was off the board at the end of its movement, it was coded as zero points, as one point if on the 
board, and two points if in the hole. Thus more points correspond to better performance. 
Performance on the first trial block was not analyzed as this was considered a practice phase.  
 
 
Figure 4. The hole center was projected normal to the floor to determine distance when the bean 
bag was not on the board. 
 
Performance in the second trial block as measured both ways is summarized in Figures 5-
8. An analysis of variance (ANOVA) revealed that performance measured as mean distance did 
not differ across condition [F(1, 83) = 3.294, p = .073] or across target size [F(2, 83) = 1.069, p = 
.348], nor was there any interaction between condition and target size [F(2, 83) = 0.142, p = 
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.867].  Similarly, another ANOVA revealed that mean point performance did not differ across 
condition [F(1, 84) = 3.869, p = .052] or have an interaction between condition and target size 
[F(2, 84) = 0.081, p = .922]. However, mean point performance did differ across target sizes 
[F(2, 84) = 3.185, p = .046], though post-hoc tests using the Bonferonni correction did not reveal 
any differences between target sizes (p > .05).  
 
 
Figure 5. Mean performance as measured by distance for each hole size. Error bars are one 
standard error of the mean.  
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Figure 6. Mean performance as measured by distance for the different feedback conditions. 
 
 
Figure 7. Mean performance as measured by point scoring for each hole. 
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Figure 8. Mean performance as measured by point scoring for each condition. 
 
 
Perceived Size 
Perceptual reports for the first (practice) trial block were not analyzed. The perceptual 
reports for the second block of trials were averaged over each participant within each condition. 
Mean perceptual reports for each target hole size were 13.12 cm, 18.17cm, and 24.00 cm, as 
shown in Figure 9. There was a significant difference across target hole size [F(2,83) = 207.006, 
p < .001]. Post-hoc tests confirmed that the reported size of each hole was significantly different 
from the others ( p < .001). However, there was no difference across condition [F(1, 83) = 0.178, 
p = .674] nor was there an interaction between condition and target size [F(2, 83) = 1.015, p = 
.367]. 
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Figure 9. Mean perceptual report of the hole size in pixels for each hole. 
 
Figure 10. Mean perceptual report of the hole size for each condition. 
 
Relation Between Performance & Perceived Size 
Bivariate correlations were calculated between the rescaled perceptual reports and each 
performance measure; these were calculated both over the entire sample and split by condition. 
Performance as measured by distance did not correlate with the perceptual reports, either overall 
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or split by condition (p > .05). Performance as measured by points did not correlate with the 
perceptual reports overall or in the no-feedback condition (p > .05), but points and perceptual 
reports were significantly correlated in the feedback condition, r(45) = .309, p = .039. A 
scatterplot of those data is shown in Figure 11. 
 
 
Figure 11.  Mean point performance and mean rescaled estimate plotted against each other; the 
positive correlation here indicates larger target size estimates were found when participants were 
performing better. 
 
 
Interoceptive Measures 
For each participant, the MAIA questionnaire was scored for the Noticing subscale. The 
subscale scores for the feedback group and the no-feedback group differed significantly, t(28) = -
1.776, p = .087. The participants’ reported heart beats were converted into heart rate by 
normalizing over the respective interval (25 s, 35 s, 45 s) for each estimate. These scores were 
then averaged over the three estimates for each participant and then converted into an average 
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accuracy score by taking the absolute difference between the average and the actual measured 
heart rate and then dividing this by the actual measured heart rate (note that because Schandry 
[1981] found that participants’ actual heart rate was significantly different between their report 
period and the period of measuring the actual heart rate, participants who had a converted score 
of one do not necessarily have perfect perception of their heart rate). Average accuracy at the 
heart rate task did not differ between groups, t(25) = 0.368, p = .716. As interoceptive sensitivity 
and accuracy at the heart rate detection task are hypothetically linked, a correlation analysis was 
run between participants’ MAIA scores and the average heart rate accuracy score (Cameron, 
2001). MAIA scores and the average heart rate accuracy score were not significantly correlated, 
r(27) = .037, p = .853.  
Due to concerns that the MAIA subscore might not accurately reflect the dimension of 
interoception of interest in the present study, a second score was created from the average of 
questions that were related by face validity to interoception. The condition groups did not differ 
significantly on the new subscore, t(28) = -1.63, p = .114. This new subscore and the Noticing 
subscale were significantly correlated r(29) = .551, p = .002, but the new subscore and average 
heart rate accuracy score were not, r(26) = -.206, p = .312. 
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Figure 12. Best linear fit line for the Noticing subscale and the new subscale. 
 
 
Relations Among Interoception, Perceived Size, & Performance 
To understand the interactions of performance and interoception in their impact of 
perceived size above their simple correlations, the fully articulated regression models were 
analyzed. Normalized perceived hole size was regressed onto performance accuracy with 
feedback condition as an intervening variable and the scores from the MAIA as a moderating 
factor (see Table 1-4). Feedback was contrast-coded, such that feedback was coded as 1 and no 
feedback was coded as -1. As each of the performance measures and interoception measures had 
different outliers (defined as being 2.5 standard deviations or more from the mean) the values are 
reported for the four data sets with significant models [MAIA and distance, F(15, 72) = 2.226, p 
= .013; MAIA second subscale and distance, F(15, 69) = 1.913, p = .037; MAIA and point 
system, F(15, 73) = 2.269, p = .011; MAIA second subscale and point system, F(15, 70) = 2.222, 
p = .013]. 
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Table 1 	   	  
	   	   	  
Perceptual Reports Regressed with Distance and MAIA Noticing Subscore 
Variable β	   p 
Condition 0.054 0.629 
Hole 0.036 0.745 
Distance -0.130 0.286 
MAIA 0.070 0.544 
Condition × Hole -0.324* 0.005 
Condition × Distance -0.366* 0.003 
Condition × MAIA 0.036 0.745 
Hole × Distance 0.253* 0.031 
Hole × MAIA 0.081 0.485 
Distance × MAIA 0.411* 0.002 
Condition × Hole × Distance -0.148 0.206 
Condition × Hole × MAIA 0.250* 0.034 
Condition × Distance × MAIA 0.162 0.192 
Hole × Distance × MAIA 0.047 0.718 
Condition × Hole × Distance × MAIA 0.167 0.196 
Note. * p < .05.   
 
Table 2 	   	  
	   	   	  
Perceptual Reports Regressed with Distance and MAIA Second Subscore 
Variable β p 
Condition -0.030 0.794 
Hole 0.100 0.386 
Distance -0.076 0.508 
MAIA2 0.094 0.417 
Condition × Hole -0.242* 0.039 
Condition × Distance -0.319* 0.005 
Condition × MAIA2 0.039 0.728 
Hole × Distance 0.303* 0.009 
Hole × MAIA2 -0.091 0.43 
Distance × MAIA2 0.210 0.092 
Condition × Hole × Distance -0.070 0.541 
Condition × Hole × MAIA2 0.159 0.173 
Condition × Distance × MAIA2 0.152 0.241 
Hole × Distance × MAIA2 -0.101 0.446 
Condition × Hole × Distance × MAIA2 0.019 0.884 
Note. * p < .05.   
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Table 3   
   
Perceptual Reports Regressed with Points and MAIA Noticing Subscore 
Variable β p 
Condition 0.016 0.886 
Hole 0.010 0.929 
Points 0.130 0.309 
MAIA -0.021 0.853 
Condition × Hole -0.381* 0.001 
Condition × Points 0.443 0.001 
Condition × MAIA 0.017 0.878 
Hole × Points -0.196 0.095 
Hole × MAIA 0.101 0.376 
Points × MAIA -0.308* 0.017 
Condition × Hole × Points 0.032 0.793 
Condition × Hole × MAIA 0.242* 0.036 
Condition × Points × MAIA -0.295* 0.022 
Hole × Points × MAIA -0.147 0.302 
Condition × Hole × Points × MAIA -0.120 0.400 
Note. * p < .05.   
  
Table 4   
   
Perceptual Reports Regressed with Points and MAIA Second Subscore 
Variable β p 
Condition -0.028 0.800 
Hole 0.055 0.633 
Points 0.081 0.521 
MAIA2 0.049 0.657 
Condition × Hole -0.334* 0.005 
Condition × Points 0.444* 0.001 
Condition × MAIA2 0.067 0.534 
Hole × Points -0.260* 0.040 
Hole × MAIA2 -0.047 0.676 
Points × MAIA2 -0.236* 0.046 
Condition × Hole × Points 0.038 0.767 
Condition × Hole × MAIA2 0.204 0.073 
Condition × Points × MAIA2 -0.170 0.169 
Hole × Points × MAIA2 -0.037 0.780 
Condition × Hole × Points × MAIA2 -0.003 0.980 
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Note. * p < .05.   
 
To better understand these results, the six data sets were split by condition and by target 
size. Normalized perceived target size was regressed onto performance accuracy and the 
subscores from the MAIA or heart rate accuracy. Only significant results are reported in the 
interest of brevity. Two significant models were found, both for participants with feedback 
tossing the bean bag at the smallest (13.38 cm) hole—one using distance from the hole as a 
measure of performance and the second MAIA subscore [F(3, 10) = 3.976, p = .042], and the 
other using points as a measure of performance and the Noticing MAIA subscore [F(3, 11)= 
3.864, p = .041]. These models are shown in Table 5 and Table 6. 
Table 5 	   	  
 	   	  
Perceptual Reports Regressed with Distance and MAIA Second Subscore for 
Feedback Condition on the Smallest Hole 
Variable β p 
Distance -0.811* 0.007 
MAIA2 0.045 0.839 
Distance × MAIA2 0.452 0.087 
 
Table 6   
   
Perceptual Reports Regressed with Points and MAIA Noticing Subscore for 
Feedback Condition on the Smallest Hole 
Variable β p 
Points 0.769* 0.006 
MAIA -0.258 0.304 
Points × MAIA -0.165 0.476 
 
In the fully articulated models, condition and hole interacted such that participants 
without feedback reported larger holes as larger relative to size and participants with feedback 
reported larger holes as smaller relative to size. In all the models, condition and performance also 
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significantly interacted such that participants without feedback and who performed better 
reported the hole as smaller relative to size, while participants with feedback reported the hole as 
larger when they exhibited better performance. However, this pattern of results must be qualified 
by the non-significant correlations between perceptual reports and performance. For both models 
that used the Noticing subscale and the model that used the second subscale and the point 
system, there was a significant interaction between performance and subscale score, such that 
participants with a higher subscore reported the hole as smaller when they performed better. For 
the models that used the Noticing subscale there was also a significant condition, hole, and 
Noticing subscore interaction such that participants without feedback reported larger holes as 
smaller relative to their own size with increasing Noticing subscores, and participants with 
feedback displayed the opposite pattern. For all the models except the model using the Noticing 
subscore and the point system, there was also a hole size and performance interaction such that 
for larger holes the participants reported the hole as smaller when they performed better. For the 
model using the point system and the Noticing subscale, there was an interaction between 
condition, points, and subscore such that without feedback, better performance and a higher 
subscore were associated with a larger report while participants with feedback showed the 
opposite pattern of results. In both simpler models for the feedback condition for the smallest 
hole only the β for the relevant performance measure was statistically significant. 
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Chapter 4: Discussion 
The first specific aim was to replicate action-specific perception effects—larger 
perceptual reports of the target occurring with more accurate performance (Witt, 2011a; see also 
Witt & Sugovic, 2010; Lee et al. 2012; Jin & Lee, 2013)—in a novel task setting (here, tossing a 
bean-bag at a target). The second aim was to replicate the findings of Lee et al. (2012) and Jin 
and Lee (2013) that size perception was still associated with performance even without explicit 
visual feedback about the accuracy of performance. In this study, the feedback was removed by 
obstructing the target with a curtain after the throw. The final aim was to determine whether 
interoceptive sensitivity was related to action-specific perception effects, as theorized by Witt 
and Riley (2014). This was tested by identifying relations between perceptual reports with 
interoception operationalized as performance on a heartbeat detection task and scores on the 
MAIA questionnaire.  
Action-Specific Effects 
Action-specific effects were found for participants who received feedback, both in the 
correlation between points and perceptual reports and the multiple regression that determined 
how perceptual reports were related to condition and performance. This study then provides 
support for the action-specific account of perception under more ecologically valid conditions 
similar to what people might encounter day to day, where visual feedback is usually available. 
As explained in Witt et al. (in press), these effects may help in behavior selection by making 
behaviors that are more likely to be successfully performed appear to be easier. That these effects 
were found for a novel task also provides support to the hypothesis that the perceptual system is 
able to rapidly attune to how successful a behavior may be, as participants only had nine practice 
throws before the analyzed trials commenced. 
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Feedback 
Though the participants who did not receive feedback showed the opposite pattern of 
results in the regression of perceptual reports on condition and performance, the correlation 
between performance and perceptual reports for those participants was not significant. As no 
relationship then was found between performance and perceptual reports for participants without 
feedback, the study failed to replicate the findings of Lee et al. (2012) for the bean-bag task. Lee 
et al. proposed that finding action-specific effects without visual feedback indicated participants 
were attuning to their goodness of form, or how much their body movements allowed for 
successful completion of the task such as in providing stability. Largely this proposal was based 
on their finding that steadier aim achieved using a stabilizer was associated with larger 
perceptual reports. While the current study does not support action-specific effects without visual 
feedback, this is not equivalent to falsifying the goodness of form hypothesis; the results may 
only mean that the information provided by goodness of form was not sufficient for exhibiting 
action-specific effects for this task, or, perhaps, that for this task goodness of form is less 
relevant than for a highly skilled task like archery, particularly when performed by skilled 
archers who may explicitly train to develop good form. 
Interoception 
If interoception did not affect perception of target hole size, none of the terms of the 
regressions containing interactions with the interoceptive measures would have been statistically 
significant. Since this was not the case, the role interoception is playing in driving the action-
specific effects cannot be ignored. Higher scores on both interoception questionnaire measures 
(meaning greater interoceptive sensitivity), when those scores interacted with performance 
measures, were associated with a decrease in the action-specific effect. When condition, 
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interoception measures, and performance measures interacted, the reverse (higher interoception 
scores were associated with larger action specific effects) was true for participants without 
feedback, but the effect was never larger than when overall performance and interoception 
interacted. At face value, then, greater interoceptive sensitivity diminished the previously 
observed action-specific effects, contradicting the hypothesis of Witt and Riley (2014).  
One possible reason for finding the opposite pattern than predicted by Witt and Riley 
(2014) is that participants were improperly calibrated or attuned to interoceptive variables. When 
a perceptual system has not discovered the correct invariant from a stimulus array, the variable it 
is using is considered improperly attuned, as opposed to miscalibrated, when the correct 
invariant has been found but its exact relation to either an action or perceptual report is not 
correct (Michaels & Carello, 1981).  
The unexpected direction of interoceptive effects could also or instead be related to the 
novelty of the task, as even participants who were familiar with the game from which this task 
was modeled would not have played with the board as close or with the hole sizes used. The 
study conducted by Lee et al. (2012) had participants who were very familiar with the archery 
task, and the study conducted by Witt and Dorsch (2009) using football uprights also had 
participants who were familiar with football. Jin and Lee (2013) posited that novices would be 
more affected by interoceptive factors based on the results of their soccer study. The novices in 
that study did exhibit action-specific effects for a novel task in the absence of visual feedback. 
The primary difference between that study and the current study is that their participants were 
only asked to report the size of the goals if they were unsure of their performance in the soccer 
task, which was in approximately half of the cases. It may be that novice participants who were 
more confident in their results—accurately or not—perceived the hole differently. It may also be 
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that participants who are more interoceptively sensitive display weaker action-specific effects, as 
the Jin and Lee study was attempting to relate action-specific effects and goodness of form, and 
even though greater interoception might help with detection of goodness of form, the two 
constructs are not identical. 
Another factor showing that interoceptive variables were potentially influential was that 
participants without feedback saw the larger holes as comparatively larger than the overall mean 
(as the perceptual reports were normalized for size, direct comparisons can be made across the 
hole sizes) but also reported larger holes as smaller relative to size as their interoceptive 
subscores increased. The two findings together indicate that there was a trend in the perception 
of the size of the holes when the participants did not have feedback irrespective of performance 
that was partly reversed in participants with increased interoceptive sensitivity based on the 
Noticing subscore. 
Overall, then, it appears some interoceptive factor is influencing participants’ perceptual 
reports, although how is not as clear. Visual feedback is also being utilized when available. It is 
not clear from the results if a higher-order variable in the global array that combines optical and 
interoceptive factors is being detected by participants or if the two types of information are 
registered individually and then combined cognitively. The exact role of interoceptive factors in 
affecting putatively “visual” perception requires further investigation. 
Limitations & Future Directions 
An alternative explanation for action-specific effects is that participants are actually 
altering their reports to meet demand expectations, and are not experiencing an actual change in 
perception (Witt et al., in press). According to this view, participants think the experimenter 
would expect them to see the hole as larger when they are doing better, so they alter their 
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perceptual reports. Participants were told that they were going to make a perceptual report from 
the very beginning of the experiment, so them making an inference that the report is ‘important’ 
to the experimenter is not unreasonable. This would then explain why participants without visual 
feedback do not show the expected results—with no visual feedback about their performance 
they could not alter the reports to meet experimenter expectations. However, participants were 
not given information about the interoception measures until after their perceptual reports had all 
been made, so there should be no interactions between these measures and the other factors. As 
there were statistically significant interactions, this would indicate that the alternative 
explanation cannot fully explain the data. 
One of the potential limitations of this study was that the measure of performance was 
based on where the bean bag stopped moving as opposed to where it landed the first time. Thus 
the performance measure may be skewed towards worse performance. To some extent this was 
alleviated using the point system, but a future study tracking where the bean bag initially landed 
may be more informative. Another potential limitation is that the measure of interoception was 
only obtained after the task was already concluded. Participants without feedback scored lower 
in interoception (though not by a statistically significant degree) and this could result from the 
lack of feedback during the study. Better measures that ideally could coincide with the task could 
improve the validity of these results. That the three interoception measures used gave slightly 
different results is also a potential problem. The heart rate accuracy task was already known to 
be difficult based on the study from which it was drawn (Schandry, 1981), but was included in 
an effort to measure interoception as broadly as possible. However, none of the other 
interoceptive measures correlated with it, and the results from it were largely non-significant. If 
heart rate detection taps into interoception most closely, then very little can be concluded from 
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this study. Of the remaining two interoceptive measures only the Noticing subscale has been 
validated clinically, although they were correlated with each other. Thus the most valid results 
from this study would be those using the Noticing subscale. Future studies should either use only 
that subscale or identify better interoception measures than were available and practical for this 
study. 
A future study would ideally include better interoception measures, utilize a mix of both 
novices and experts performing the same task to determine the extent calibration may have 
played a role in the interoceptive array, and possibly use a task that would better elucidate the 
connection between the optic and interoceptive arrays by having feedback that was accurate or 
inaccurate. As such a study is most likely not practical, breaking this overwhelming task into 
smaller sub studies may be the best route. 
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